Although the body mass index (BMI, mass index, kg/m 2 ) is widely used as a surrogate measure of adiposity, it is moderately associated (rB0.3) with height among children. We examined whether the resulting preferential classification of taller children as overweight is appropriate. DESIGN: Cross-sectional analyses of children (ages, 3-17 y) examined the relation of height to adiposity (as assessed by BMI and skinfold thicknesses) and fasting levels of insulin. Longitudinal analyses examined the relation of childhood height and weightheight indices to adult (mean age, 25 y) levels of adiposity and fasting insulin. SUBJECTS: Children (n ¼ 11 406) and adults (n ¼ 2911) who had participated in the Bogalusa Heart Study. MEASUREMENTS: We constructed three weight-height indices: BMI, W/H 3 , and W/H p . The triceps and subscapular skinfolds, as well as fasting levels of insulin, were also measured. RESULTS: The classification of children as overweight (BMI-for-age X95th percentile) varied markedly by height, with a 10-fold difference in the prevalence of overweight across quintiles of height between the ages of 3 and 10 y. Childhood height, however, was also related to skinfold thicknesses and insulin levels, and all associations were modified in a similar manner by age. Furthermore, childhood height was related to adult adiposity, and of the three childhood weight-height indices, BMI showed the strongest associations with adult adiposity. CONCLUSIONS: Because BMI reflects the positive association between height and adiposity among children, it is a better weight-height index than is either W/H
Introduction
Although body fatness can be estimated using underwater weighing, dual energy X-ray absorptiometry (DXA), and computed tomography, the high cost of these methods limits their use in clinical practice and epidemiologic studies. Furthermore, because several assumptions (eg constant density of fat-free mass) may not be true during growth and maturation, 1 these research techniques may be less accurate among children than among adults. Body fatness can also be assessed by the thickness of various skinfolds, but these measurements are difficult to standardize and become less accurate as the degree of obesity increases. ) is considered the optimum combination of weight and height, but the rapid changes that occur during growth complicate the choice of an index for children and adolescents. For example, the relation of BMI to DXA-determined body fat varies by sex, race, and maturation, 5, 6 and BMI levels increase rapidly during the first 9 months of life, decrease to about age 6 y, and then subsequently increase. [7] [8] [9] [10] Several investigators [11] [12] [13] have considered the moderate correlation (rB0.3 after controlling for age) between BMI and height among children, which would result in the preferential classification of taller children as overweight, to be a limitation of this index. Although other weight-height indices, including W/H 3 (Rohrer Index) and W/H p (Benn Index) , in which p is chosen to minimize the correlation with height, 14 have been proposed, some evidence indicates that taller children have thicker skinfolds. [15] [16] [17] [18] The current study examines (1) the relation of childhood height to BMI, skinfold thicknesses and adult adiposity, and (2) differences in the relation of various childhood weight-height indices to adult adiposity.
Methods

Sample
Bogalusa is a semi-rural community in Washington Parish, Louisiana, and is 70 miles north of New Orleans. Seven crosssectional studies of schoolchildren (ages, 5-17 y), along with one study of preschool children, were conducted in Ward 4 of Washington Parish between 1973 and 1974 and 1992-1994 . 19 In addition, four studies of adults (ages 18-37 y), who had been previously examined as children, were conducted between 1982 and 1996. Protocols were approved by appropriate institutional review boards, and informed consent was obtained from all participants. This panel design resulted in many subjects having multiple examinations, and allowed for both cross-sectional and longitudinal analyses. A 6-y old examined in 1976, for example, could have been re-examined in any of the six studies conducted between 1978 and 1996. Although the statistical analysis of repeated measurements from an individual requires specialized techniques, 20 the current analyses are stratified by age so that each subject contributes only one observation to an age category. To maximize the length of follow-up for the longitudinal analyses, we used data from the first examination for the schoolchildren, and from the final examination for adults. There were 11 513 children and adults who were examined between 1973 and 1996. We excluded subjects with missing data for weight or height, resulting in a total of 11 406 persons for the cross-sectional analyses. Of the subjects examined before age 18 y, 2911 of the 7915 age-eligible subjects were re-examined between the ages of 18 and 37 y. (A 7-y old examined in 1988, for example, could not have been re-examined as an adult.) This cohort is used in the longitudinal analyses.
Anthropometry
The examination procedures used in the Bogalusa Heart Study have been described. 21 . Schoolchildren were examined while wearing underpants, an examination gown, and socks; adults wore street clothes (excluding sweaters, jackets, belts, and shoes). The weight was measured to the nearest 0.1 kg using a balance beam scale, the height was measured to the nearest 0.1 cm with a manual height board, and BMI (kg/m 2 ) was calculated. National US data were used to convert weight, height, and BMI into sex-and age-specific Z-scores and percentiles (P), 22, 23 which would represent levels among children in the current study relative to those in national studies. As suggested, 24 childhood overweight is defined as a BMI X95th P and adult obesity as a BMI X30 kg/m 2 . Two additional weight-height indices, W/H 3 and W/H p , were used in the analyses. The power, p, was selected to minimize the correlation with height, and was obtained from linear models in which the logarithm of weight was regressed on the logarithm of height within each sex and year of age. The calculated slope is the exponent, p, for that sex and age group.
Skinfold thicknesses (triceps and subscapular) were measured three times in succession with Lange skinfold calipers, and the mean values are used in the analyses. The subscapular skinfold thickness was not measured among children until 1978-1979 (the third examination), but is available for all adults. Among adults, the sum of the two skinfolds is used as a measure of overall adiposity.
Laboratory determinations
Insulin levels are more strongly associated with adiposity than are other risk factors, 25 and we also examined the relation of height and adiposity to fasting insulin levels. These determinations were performed, starting in 1982-1982 (the fourth cross-sectional examination), using a radioimmunoassay procedure (Phadebas Insulin Kit).
Statistical analyses
Lowess (locally weighted scatterplot smoother), a robust smoothing technique, 26 was used to graphically examine the relation of BMI to age and height, as well as age differences in the relation of height to adiposity and insulin levels. The cross-sectional relation of height to adiposity was examined within sex and age categories using Spearman (rank) correlation coefficients. We also examined the prevalence of childhood overweight and adult obesity within three height categories (o20 P, 20-79 P, and X80 P). Statistical significance was assessed in logistic regression models predicting overweight from childhood height.
Longitudinal analyses examined the relation of childhood height and the three weight-height indices (BMI, W/H 3 , and W/H p ) to adult adiposity and insulin levels. Because the childhood weight-height indices are not independent (eg r ¼ 0.69 between BMI and W/H 3 ), the statistical significance of differences in these longitudinal associations was assessed as suggested by Meng et al.
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Results
Various characteristics of the children (n ¼ 11 406) and adults (n ¼ 2911) are shown in Table 1 . The mean age of the children was 9 y (range, 3-17 y) and as assessed by Z-scores, black children had slightly higher (0.1-0.4 s.d.s) mean levels
Childhood BMI, childhood height, and adult obesity DS Freedman et al of weight and height than white children. The prevalence of overweight (BMIX95th P) ranged from 7% (black boys) to 10% (white boys), and mean skinfold thicknesses were 1-3 mm higher among white children than among black children. The prevalence of obesity among adults was substantially higher among black women than white women (30 vs 19%), but the mean triceps skinfold thickness was 25 mm in both groups. Figure 1 shows smoothed levels of BMI by age (left panel) and height (right panel) within each race-sex group. Between the ages of 3 and 17 y, the correlation between BMI and age was r ¼ 0.53, with the mean BMI level increasing from 16 to 22 kg/m 2 . In adulthood, the BMI increase with age was less rapid, and race-sex differences became more pronounced. BMI levels also increased with height among children (right panel), and the partial correlation was r ¼ 0.28 (adjusting for sex and age). Furthermore, the association between BMI and height was nonlinear, with the association most evident at heights between 130 and 165 cm, the median heights at ages 8 and 15 y, respectively. The positive correlation between height and BMI resulted in a preferential classification of tall children as overweight (Table 2 ). For example, the prevalence of overweight among 3-to 4-y olds varied from 1% among short children (heightfor-age p20 P) to 11% among tall children (height-for-age X80 P). Between the ages of 5 and 10 y, the prevalence of overweight was about 2% among short children vs 20-26% among tall children, with similar patterns seen in each racesex group. These associations were weaker, but remained statistically significant, among 11-to 15-y olds. BMI was not associated with height after age 15 y.
We then examined whether the preferential classification of tall children as overweight reflected an increased adiposity. Figure 2 shows the magnitude of the age-specific associations between height and levels of BMI, skinfold thicknesses and fasting insulin levels for boys and girls. Among boys, the correlations between height and BMI (upper left panel) increased in magnitude from rB0.10 (age 3 y) to r40.35 among 10-to 13-y olds, and subsequently decreased to 0 by age 17 y. A similar pattern was seen among girls, but the maximum correlation occurred about 2 y earlier, before decreasing to 0 by age 15 y. For subjects with multiple examinations, we used the first examination in childhood and the last examination in adulthood. b Z-scores account for sex and age differences in weight, height and BMI, and represent values among children in the current study relative to national US data collected from 1963 to 1994. Childhood BMI, childhood height, and adult obesity DS Freedman et al Similar sex and age differences were seen in the relation of height to subscapular skinfold thickness (Figure 2 , upper right), with a maximum correlation of B0.3 occurring at age 9 y among girls and approximately 2 y later among boys. Somewhat similar trends were seen with triceps skinfold thickness (lower left) and fasting levels of insulin (lower right), but the sex differences were less pronounced. (The lack of a sex difference in the associations with triceps skinfold thickness after age 10 y may reflect the central redistribution of body fat among boys during adolescence.) By age 18 y, the magnitudes of all associations were close to 0.
The longitudinal relation of childhood height to adult adiposity is shown in Table 3 . As compared with short children, tall 3-to 7-y-old boys had a 20 mm higher (46 vs 26 mm) mean skinfold sum in adulthood, a 6.2 kg/m 2 higher mean BMI, and a three-fold higher prevalence of obesity; comparable differences among girls were 10 mm (skinfold sum), 4 kg/m 2 (BMI), and 1.7-fold (obesity). Fairly similar associations were seen among 8-to 13-y olds, with the prevalence of adult obesity about three-fold higher among tall children than among short children. Among 14-to 17-y olds, however, height was less strongly associated with adult adiposity among boys (eg a 7 mm difference in the skinfold sum between tall and short children), and no associations were seen among girls. Values represent the proportion of children classified as overweight (BMI X95P) or the proportion of adults classified as obese (BMI X30 kg/m 2 ). P-values were calculated in logistic regression models that examined the relation of height-for-age Z to overweight (children) or height to obesity (adults). Regression models controlled for sex, race and childhood age. Childhood BMI, childhood height, and adult obesity DS Freedman et al ); Po0.05 for both contrasts with childhood BMI. Similar differences were seen in the relation of the weight-height indices to adult levels of BMI and fasting insulin. Childhood BMI also showed the strongest associations with the adult measures among 8-to 17-y-old boys, but the differences among the correlations were smaller among girls. Among 3-to 7-y olds, for example, correlations with the adult skinfold sum ranged from only r ¼ 0.34 to 0.38, and from only r ¼ 0.54 to 0.56 among 14-to 17-y olds. Although several of these differences were not statistically significant, childhood BMI among girls was at least as strongly (and in most cases slightly more strongly) associated with adult adiposity than were W/H p and W/H 3 .
Discussion
In agreement with our results, other investigators 16, 18, 28, 29 have found that various skinfold thicknesses and coronary heart disease risk factors among children are more strongly associated with levels of BMI than with W/H p or W/H 3 . Our longitudinal analyses indicate that of these childhood weight-height indices, BMI shows the strongest associations with adult levels of BMI, skinfold thicknesses and fasting insulin. Furthermore, the superior performance of BMI is largely due to the association between height which minimizes the association with height, is greater than 2 among schoolchildren, and reaches a maximum value, slightly above 3, between the ages of 9 and 12 y. 11, 13, [29] [30] [31] However, Benn 14 noted that minimizing the correlation with height would maximize the association with adiposity only if height and adiposity are uncorrelated. This independence is generally true among adults, but not among children. [15] [16] [17] [18] For example, it has been reported that height is associated with the thickness of various skinfolds among 5-to 15-y olds, 17 and with the sum of four skinfolds (rB0.30) among 9-y olds. 18 Although it may seem counterintuitive for a weight-height index to be correlated with height, 31 this is desirable if adiposity and height are correlated. The relation of height to adiposity varied substantially with age ( Figure 2) , with the strongest association with the subscapular skinfold thickness seen at approximately age 9 y (girls) or age 11 y (boys). These ages correspond to those at which the exponent in W/H p reaches its maximum value. 11, 13, [29] [30] [31] As indicated by Cole, 30 p represents the proportional differences in the weight and height of two subjects, so that a value of 2 (BMI) would indicate that a person who is 2% heavier than another would, on average, be 1% taller. At the start of puberty, however, increases in weight are substantially greater than those for height, 30, 32 so that a 3% weight difference is associated with a 1% height difference. This 3(weight):1(height) ratio accounts for the positive association between height and BMI, which only 'corrects' for a 2% weight difference.
The maximum correlation between height and adiposity is seen about 2 y earlier among girls than among boys, and this difference corresponds to the earlier growth spurt of girls. Additional analyses of menarcheal age in the current study (not shown) further emphasized the importance of maturation in the association between height and adiposity. Between the ages of 11 and 13 y, we found that height was more strongly correlated with the subscapular skinfold thickness among 1024 premenarcheal girls than among 1031 postmenarcheal girls (r ¼ 0.24 vs 0.11). Because menarche occurs 1-2 y after the growth spurt, 33 it is likely that the (proportional) increases in weight relative to height were smaller among postmenarcheal girls than before menarche. Our longitudinal analyses, showing that childhood BMI is more strongly associated with adult obesity than are other weight-height indices, extend several cross-sectional findings. For example, Lazarus 18 found that BMI showed slightly stronger associations with skinfold thicknesses among 9-, 12-, and 15-y olds than did either W/H p or W/H 3 . Similar differences have been reported by other investigators, 16, 28 and BMI tends to identify children and adolescents with high levels of DXA-determined body fat more accurately than does either W/H 3 or relative weight. 34 Although we found that childhood levels of BMI were more strongly associated with adult adiposity than were other weightheight indices, additional analyses indicated that a combination of W/H 3 and height could predict these adult measures as well as could BMI. It is therefore likely that BMI is a superior weight-height index because it reflects the association between height and adiposity in childhood.
Several limitations of the current study should be considered when interpreting our results. Although only 37% of age-eligible children were re-examined as adults, childhood height was associated with adiposity in both childhood and adulthood. Additional analyses also indicated that childhood levels of weight, height, BMI, and skinfold thickness were very similar between children who were re-examined in adulthood and those who were lost to follow-up. Although studies of the association between height and adiposity have been limited to children in the US 16, 17 and Australia, 18 the similar age pattern in the exponent of the Benn Index among American and Japanese children 13 suggests that our findings may apply to children in other countries. Although no weight-height index can distinguish excess weight due to adiposity, from that attributable to muscularity, skeletal tissue or edema, 3, 4 our results indicate that BMI is a better indicator of adiposity among children than is either W/H 3 or W/H p . Investigators should be aware, however, that the use of BMI will result in a high prevalence of overweight among taller children. This differential classification of overweight is appropriate, and reflects the association between height and adiposity among children and adolescents.
